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ABSTRACT

Objective. To describe characteristics of needle-exchange program (NEP) partici-

pants who utilized tuberculosis services from an NEP site.

Methods. Between June 1998 and May 1999, tuberculosis services were advertised

and offered to Baltimore, Maryland, NEP participants. Demographic and tuberculo-

sis-specific data were collected on participants who self-selected into services. Analyses

were based on being tuberculin skin tested, returning for a skin test reading, and test-

ing tuberculin positive.

Results. Among 691 contacts with NEP participants, this service performed 296

tuberculin tests, with an 84% return rate for skin test reading. Participants were 32%

female, 87% African American, and 11% employed. Higher frequency of NEP visits

was positively associated with requesting tuberculosis services and returning for skin

test reading. Among those who returned for skin test reading, longer smoking duration

and problems getting food in the past year due to a lack of money were associated

with a positive test.

Conclusions. Utilization of a tuberculosis service and high return rates can be

achieved among NEP participants without formal recruitment strategies. Frequent ex-

change appears to facilitate return visits for NEP-based tuberculosis screening, which

may imply accessibility for frequent exchangers. More extensive health services at sites

of the Baltimore NEP appear to be warranted, with particular attention paid to effec-

tiveness for frequent exchangers.
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INTRODUCTION

In contrast to the national trend of increasing tuberculosis cases reported during the

1980s, Baltimore City, Maryland, experienced a substantial decline.1 This decline

of active tuberculosis cases was attributed to 30 years of aggressive outreach and
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community-based, directly observed therapy, which was credited with facilitating

high treatment completion rates and bacteriologic evidence of cure.1 Even though

rates of reported tuberculosis cases were decreasing for the general population of

Baltimore City during the 1980s, Galai et al.2 used data from a Baltimore-based

cohort study (the ALIVE study) of injection drug users (IDUs) to show that yearly

incidence rates among Baltimore injectors increased from 73 per 100,000 person-

years in 1988 to 232 per 100,000 person years in the first quarter of 1992. In

addition, the tuberculosis incidence rate among IDUs of the same cohort was more

than 30 times higher than the rate for Baltimore City at its 1991 peak (i.e., 600 vs.

19.9 per 100,000 person-years).3 Bishai et al.4 reinforced this point in reporting

that 40% of Baltimore’s tuberculosis continued to be transmitted in microepidemics

of recent transmission among individuals who tended to be black males with high

rates of homelessness and drug use. Thus, while Baltimore City has maintained low

rates of tuberculosis through aggressive, directly observed therapy services, IDUs

maintained a disproportionately high rate of recently diagnosed active disease. Al-

though innovative approaches to tuberculosis service delivery that reach drug users

could benefit cities like Baltimore, such services and studies assessing them are

scarce.

One of the few tuberculosis services run specifically for IDUs operates from a

needle-exchange program (NEP) site in New York City’s Lower East Side. In 1997,

this program offered $15 worth of incentives for tuberculin skin test follow-up

visits and reported a 91% return rate.5 High return rates and high rates of chest X

rays among tuberculin-positive participants (78%) led Perlman et al.5 to conclude

that the program was feasible. In addition, the same group reported that tuberculo-

sis-related knowledge was associated with returning for tuberculin skin test read-

ing.6 While these early data suggest that NEP sites may be appropriate and effective

venues for tuberculosis services, more information is needed to characterize individ-

uals who utilize services, are retained for tuberculin skin test reading, and test tuber-

culin positive. Such information would aid in assessing the needs of those being

served, thus helping to identify means by which to improve such services.

Previous studies of IDUs have indicated that health-related service utilization

was associated with older age,7 female sex,8 human immunodeficiency virus (HIV)

symptoms,9,10 and long duration of drug use.7 These predictors have never been

examined with specific regard to a tuberculosis program run from sites of NEP, but

were hypothesized to be significant predictors of tuberculosis screening utilization

in this study. Since tuberculin testing requires a second visit to assess test results,

service utilization by itself is not sufficient to prevent the spread of tuberculosis.

Those tested must return for tuberculin skin test reading. Retention of IDU research

study participants has been associated with non-white ethnicity, age over 35 years,

recent injection,11 stable residence,12 and HIV-positive serostatus.13 In a tuberculo-

sis-specific study conducted in an HIV clinic, but not necessarily among drug users,

characteristics independently associated with returning for tuberculin skin test read-

ing included the use of incentives, city residence, and sex.14 Even though drug use

is a commonly named risk factor for tuberculosis, most tuberculosis-specific studies

regarding utilization of and retention in services have not been conducted solely

among IDUs. Malotte et al.15,16 conducted two IDU-specific tuberculosis studies and

reported that incentives, particularly monetary incentives, dramatically increased

return rates for tuberculin skin test reading. Other than incentives, few characteris-

tics have been associated with returning for tuberculin skin test reading among

IDUs. Moreover, few reports have included participants of a NEP.
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The Baltimore NEP is a community-based program designed to slow the spread

of HIV infection among IDUs through the distribution of clean syringes, the distri-

bution of clean injecting equipment, HIV counseling/testing, drug treatment refer-

rals, and informal referrals to health care facilities in Baltimore City. Baltimore NEP

participants are injectors of illicit drugs, 38 years of age on average, 73% male,

87% African American, and 8% employed.13 Compared to Baltimore IDUs who do

not use a NEP, NEP participation has been associated with higher rates of injection

frequency (positive trend), unemployment, jail time, homelessness, and alcohol

use.17 The Baltimore NEP is predominantly comprised of active IDUs who choose

to make repeated visits to NEP sites, making this a unique opportunity for health

service provision and follow-up. Since a large proportion of Baltimore’s tuberculo-

sis cases occur among IDUs, offering tuberculosis-related health services and exam-

ining predictors of utilization, retention, and infection among NEP participants is

warranted. These data could be instrumental in the development of strategies for

addressing tuberculosis in this population and perhaps preventing a substantial por-

tion of tuberculosis transmission.

METHODS

Service Provision
Between June 1998 and May 1999, tuberculosis services were advertised and avail-

able to Baltimore NEP participants. One sign that explained the services was posted

in an area where participants waited to exchange needles, and one sign was posted

in the exchange area itself. In addition, NEP staff made participants aware of the

tuberculosis services during registration and exchange visits. No active recruitment

took place, and no efforts were made to increase participant adherence.

Tuberculosis services were offered to participants who exchanged needles at

two of eight sites located in different parts of the city. These sites were selected

because they were the only two sites operating twice weekly on the inception of the

tuberculosis program (two working shifts were required for tuberculin testing and

reading, as well as for the distribution of medication). Tuberculosis services at sites

of a NEP (TB/NEP) consisted of education, tuberculin test placement, and interview

at the first visit; tuberculin test reading at the second visit; and preventive therapy

when appropriate. Tuberculin skin test placement, reading, and therapy were ad-

ministered by a trained licensed practical nurse, while interviews were conducted

by trained study interview staff. All tuberculin-positive participants were referred

for a free chest X ray at Baltimore’s Eastern District Tuberculosis Clinic, a fixed

site of the Baltimore City Health Department. When appropriate, participants were

given the opportunity to receive directly observed therapy from the NEP site where

they were originally tested. Individuals who refused medication at an NEP site also

had the option of receiving therapy from the Eastern District Tuberculosis Clinic.

In addition to tuberculin testing, an HIV test was made available to all partici-

pants. Participants opting for HIV testing received pretest counseling at the time of

tuberculin testing and posttest counseling at the time results were given. In accor-

dance with Centers for Disease Control and Prevention (CDC) recommendations,18

anergy testing was not conducted during this study. After placement of a skin test,

participants were asked to return in 72 hours. In accordance with the American

Thoracic Society recommendations,19 tests of participants returning within 1 week

were read, while participants returning later than 1 week were retested. Individuals
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who tested HIV seronegative were considered tuberculin positive if they had 10 or

more millimeters of induration, while individuals who tested HIV seropositive and

individuals who declined HIV testing were considered tuberculin positive if they

had 5 or more millimeters of induration. Participants testing tuberculin positive

were referred to Baltimore’s Eastern Tuberculosis Clinic for chest X rays.

Data Collection
Individuals who utilized tuberculosis services and who had no history of completed

prophylactic therapy or tuberculin testing in the prior 6 months were eligible for

tuberculosis testing. Restricting testing services to individuals who had not been

tested during the prior 6 months was an attempt to minimize excessive testing by

persons wishing to repeatedly receive the monetary incentive. Study participants

were consenting individuals who completed an interview and received a tuberculin

skin test. All interviews were conducted in a private area of the project site. The

monetary incentive, in the form of a $5 check, was explained at the time of tubercu-

lin placement and was paid at the time of the return visit. All participants received

bus tokens to facilitate return visit transportation. This research protocol was ap-

proved by the Committee on Human Research at the Johns Hopkins Bloomberg

School of Public Health.

Analysis
Three dichotomous outcome variables were assessed: utilized tuberculosis services,

returned for tuberculin skin test reading, and tested tuberculin positive. With regard

to utilizing tuberculosis services, the sample population of interest consisted of all

NEP participants who made an exchange at a TB/NEP site during the period of the

study. With regard to returning for test results, the sample population of interest

consisted of all NEP participants who had a tuberculin skin test and interview.

With regard to tuberculin test results, the sample population of interest consisted

of all TB/NEP participants who returned for skin test reading.

Independent variables tested for each of the three outcome measures were sex,

age greater than the median for the population, race, employment status, total num-

ber of NEP visits greater than the population median during the 11-month study

period, and median number of syringes exchanged per NEP visit greater than the

population median during the study period. Independent variables assessing return

for tuberculin skin test reading and tuberculin test result also included detailed

information gathered during TB/NEP interviews regarding risk factors for tubercu-

losis and HIV.

Odds ratios (ORs) and 95% confidence intervals (CIs) were examined to deter-

mine the magnitude of effect, as well as the amount of variability in each estimate.

Inferences were based on simultaneous adjustment for independent variables using

multiple logistic regression. Independent variables were deleted from the logistic

regression models if they did not contribute to the fit of the model. Goodness of fit

was determined by log likelihood ratio tests. While inclusion criteria for logistic

regression models were guided mainly by model fit, Bonferroni corrections have

also been reported by which P values were multiplied by three to account for three

outcome variables. Interaction terms were also tested for variables that comprised

final models.

RESULTS

A total of 2,372 individuals exchanged 393,071 syringes (mean = 165.7, median =
46 syringes per person) in 21,596 visits (mean = 9.1, median = 3 visits per person)
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to two study sites during the 11-month study period. Exchangers were 32% female,

87% African American, and 11% employed. The median age was 40 years; the

median duration of injection drug use was 18.8 years; and the median number of

syringes exchanged per visit was 11 (Table 1).

TB/NEP services were available on 98 days during this study period. A total of

691 NEP participants approached TB/NEP staff for education, informal health ser-

vice referral, or inquiry for TB/NEP participation, resulting in 296 tuberculin tests

being placed. Of the 296 tests, 10 were repeated tests given to TB/NEP participants

during the second 6 months of the project and thus were excluded from analysis to

preserve independence of the data (n = 286).
As shown in Table 1, utilizing tuberculosis screening among NEP participants

who exchanged during the study period (n = 2,372) was associated with female sex
(OR = 1.56), African American race (OR = 1.91), more than 3 NEP visits during
the study period (OR = 7.17), and median number of syringes exchanged per visit
less than 11 during the study period (OR = 0.65). Multiple logistic regression made
only trivial differences in odds ratios, with the exception of “African American

race/ethnicity.” For this variable, the level of magnitude decreased such that the

TABLE 1. Associations between tuberculin skin testing and demographic/drug characteristics
among Baltimore Needle Exchange Program (NEP) participants between June 1998 and
May 1999 (n = 2,372)

Tuberculin skin Not tuberculin
tested skin tested Unadjusted

(n = 286) (n = 2,086) odds ratio
Characteristic no. (%) no. (%) (95% CI)

Sex
Female 118 (41.3) 649 (31.1) 1.56*,†
Male 168 (58.7) 1,437 (68.9) (1.21–2.00)

Age, years
>40 130 (45.5) 904 (43.4) 1.09
≤40 156 (54.5) 1,180 (56.6) (0.85–1.39)

Race
African American 262 (92.2) 1,785 (86.2) 1.91
Non–African American 22 (7.8) 287 (13.8) (1.22–3.00)

Employed at time of registration
Yes 23 (8.0) 236 (11.4) 0.68
No 263 (92.0) 1,836 (88.6) (0.44–1.06)

Duration of injection, years
>18.8 148 (51.8) 1,031 (49.7) 1.09
≤18.8 138 (48.2) 1,044 (50.3) (0.84–1.39)

Total number of NEP visits
>3 during the study period 236 (82.5) 828 (39.7) 7.17*,†
≤3 during the study period 50 (17.5) 1,258 (60.3) (1.04–1.06)

Median number of syringes exchanged
>11 per NEP visit 113 (39.5) 1,045 (50.1) 0.65*,†
≤11 per NEP visit 173 (60.5) 1,041 (49.9) (0.51–0.84)

CI, confidence interval.
*Adjusted variable contributed to the overall fit of the final model.
†Bonferroni adjusted P value <.05.
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confidence interval included 1. In addition, African American race/ethnicity did not

contribute to the fit of the model. No significant interaction terms were observed

in this model.

Of the 286 participants tested and interviewed, 241 (84%) returned for their

tuberculin skin test reading. Returning for a skin test reading was positively associ-

ated with making more than 15 NEP visits during the study period (OR = 2.42)
(Table 2). No other demographic, drug use, or NEP variable was significantly asso-

ciated with returning for a skin test reading.

Of the 241 individuals who returned for skin test reading, 40 (17%) tested

positive. A positive tuberculin skin test was associated with age older than 42 years

(OR = 2.51), smoking duration longer than 27 years (OR = 3.37), problems getting
food during the past year due to a lack of money (OR = 3.58), and self-reported
HIV infection (OR = 0.20) (Table 3). Multiple logistic regression had a negligible
effect on the odds ratios of smoking duration, problems getting food due to a lack

of money, and HIV status; however, the magnitude of association decreased for age

older than 40 years such that the confidence interval included 1. In addition, age

older than 40 years did not contribute to the fit of the model. No significant interac-

tion terms were observed in this model.

DISCUSSION

The main findings of this study were that 691 contacts occurred between TB/NEP

staff and NEP participants, 296 tuberculin tests were placed, over 80% of those

tested returned for tuberculin skin test reading, and these activities occurred among

individuals who self-selected into tuberculosis services. Furthermore, NEP-specific

variables were significant predictors of utilizing and returning for a tuberculin skin

test. NEP participants who made more than 3 NEP visits during the study period

were more likely to utilize the TB/NEP service, and TB/NEP participants who made

more than 15 NEP visits during the study period were more likely to return for

tuberculin skin test reading. These results reinforce those of earlier studies in sug-

gesting that sites of NEP may be propitious venues for tuberculosis services.5 How-

ever, this study also suggests that effective methods to engage infrequent exchangers

need to be identified. In addition, participants whose median exchange was greater

than 11 syringes per NEP visit were 35% less likely to utilize the service. Thus,

frequent participants were more likely to utilize tuberculosis services, but high-

volume exchangers were less likely to utilize services. There was no association

between number of visits and syringes exchanged per visit.

Similar to a previous study of drug treatment utilization among Baltimore NEP

participants,8 female sex was associated with utilizing this health service, but did

not predict a return for follow-up. To explore this effect, we considered the possi-

bility that women were in worse physical health and thus requested more services.

However, no associations were found between sex and skin test result, tuberculosis

screening history, insurance status, overall health, having a regular place to access

health care, or tuberculosis knowledge. Why male participants were less likely to

utilize tuberculosis services is still unclear. Studies that explore sex-related health

utilization issues among NEP participants could be helpful in elucidating this issue.

The 84% return rate observed in this study was lower than the 91% return

rate observed from New York City’s Lower East Side. Whether this was due to a

differential in the monetary incentive ($15 in New York vs. $5 in Baltimore) or

other factors is unknown. In New York, respondent knowledge of tuberculosis was
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TABLE 2. Associations between returning for a tuberculin skin test reading and
demographic/drug characteristics among Baltimore Needle Exchange Program (NEP)
participants who were tuberculin tested between June 1998 and May 1999 (n = 286)

Returned for Did not return
tuberculin skin for tuberculin

test reading skin test reading Unadjusted
(n = 241) (n = 45) odds ratio

Characteristic no. (%) no. (%) (95% CI)

Sex
Female 98 (41.0) 17 (37.8) 1.14
Male 141 (59.0) 28 (62.2) (0.59–2.18)

Age, years
>42 104 (45.4) 19 (42.2) 1.14
≤42 125 (54.6) 26 (57.8) (0.60–2.15)

Race
African American 218 (92.0) 41 (91.1) 1.12
Non–African American 19 (8.0) 4 (8.9) (0.38–3.32)

Employed at time of registration
Yes 21 (8.9) 1 (2.2) 4.32
No 214 (91.1) 44 (97.8) (0.72–*)

Stayed in a homeless shelter during the
past year

Yes 50 (20.8) 9 (20.0) 1.05
No 190 (79.2) 36 (80.0) (0.48–2.29)

Currently “lived on the streets or in an
abandoned house”

Yes 41 (28.9) 12 (44.4) 0.51
No 101 (71.1) 15 (55.6) (0.22–1.16)

Ever incarcerated
Yes 203 (84.2) 37 (82.2) 1.16
No 38 (15.8) 8 (17.8) (0.51–2.63)

Answered both tuberculosis knowledge
questions correctly

Yes 207 (85.9) 36 (80.0) 1.52
No 34 (14.1) 9 (20.0) (0.68–3.39)

Tuberculosis tested during past three
years

Yes 173 (76.9) 35 (77.8) 0.95
No 52 (23.1) 10 (22.2) (0.45–2.03)

Frequency of smoking episodes
>1 per day 229 (95.0) 42 (93.3) 1.36
≤1 per day 12 (5.0) 3 (6.7) (0.40–4.72)

Smoking duration, years
>27 102 (47.2) 21 (51.2) 0.85
≤27 114 (52.8) 20 (48.8) (0.44–1.65)

Ever shared smoking equipment
Yes 212 (93.0) 37 (92.5) 1.07
No 16 (7.0) 3 (7.5) (0.32–3.64)
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TABLE 2. Continued

Returned for Did not return
tuberculin skin for tuberculin

test reading skin test reading Unadjusted
(n = 241) (n = 45) odds ratio

Characteristic no. (%) no. (%) (95% CI)

Injection frequency
>1 per day 198 (93.0) 34 (75.6) 1.49
≤1 per day 43 (7.0) 11 (24.4) (0.71–3.14)

Visited a shooting gallery during the
past year

Yes 127 (52.7) 20 (44.4) 1.39
No 114 (47.3) 25 (55.6) (0.74–2.62)

Visited a crack house during the past
year

Yes 61 (25.3) 12 (26.7) 0.93
No 180 (74.7) 33 (73.3) (0.46–1.90)

Duration of injection drug use, years
>21 107 (48.2) 22 (50.0) 0.93
≤21 115 (51.8) 22 (50.0) (0.49–1.77)

Problems getting food in past year due
to a lack of money

Yes 168 (69.7) 34 (75.6) 0.74
No 73 (30.3) 11 (24.4) (0.36–1.53)

HIV seropositive
Yes 41 (18.2) 6 (14.6) 1.30
No 184 (81.8) 35 (85.4) (0.52–3.2)

Total number of NEP visits
>15 during the study period 117 (52.2) 14 (31.1) 2.42†
≤15 during the study period 107 (47.8) 31 (68.9) (1.23–4.75)

Median number of syringes exchanged
>10 per NEP visit 96 (42.9) 23 (51.1) 0.72
≤10 per NEP visit 128 (47.1) 22 (48.9) (0.38–1.35)

CI, confidence interval.
*Unable to estimate an upper limit due to small cell size.
†Adjusted variable contributed to the overall fit of the final model.

significantly associated with returning for tuberculin skin test reading6; however,

this was not the case in Baltimore. The fact that the knowledge questions were

different between studies may explain this discrepancy. In Baltimore, frequent NEP

visits was the only characteristic associated with returning for tuberculin skin test

reading. This may suggest that the NEP site was a location to which the respondent

would have returned regardless of whether the respondent had been tuberculosis

tested. This might imply accessibility for NEP participants, which could mean that

follow-up for health care interventions targeted toward IDUs is improved by offer-

ing them at NEP sites.

In past studies, poverty and homelessness have been associated with active tu-

berculosis in the general US population. In the current study, utilizing a homeless
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TABLE 3. Associations between testing tuberculin positive and demographic/drug
characteristics among Baltimore Needle Exchange Program (NEP) participants
who returned for skin test reading between June 1998 and May 1999 (n = 241)

Did not test
Tested positive positive Unadjusted

(n = 40) (n = 201) odds ratio
Characteristic no. (%) no. (%) (95% CI)

Sex
Female 15 (37.5) 83 (41.7) 0.83
Male 25 (62.5) 116 (58.3) (0.42–1.67)

Age, years
>42 25 (64.1) 79 (41.6) 2.51
≤42 14 (35.9) 111 (58.4) (1.24–5.08)

Race
African American 36 (90.0) 182 (92.4) 0.74
Non–African American 4 (10.0) 15 (7.6) (0.25–2.24)

Employed at time of registration
Yes 3 (7.7) 18 (9.2) 0.82
No 36 (72.3) 178 (90.8) (0.25–2.77)

Stayed in a homeless shelter during the
past year

Yes 8 (20.0) 42 (21.0) 0.94
No 32 (80.0) 158 (79.0) (0.41–2.16)

Currently “lived on the streets or in an
abandoned house”

Yes 4 (18.2) 37 (30.8) 0.51
No 18 (82.8) 83 (69.2) (0.17–1.51)

Ever incarcerated
Yes 35 (87.5) 168 (83.6) 1.38
No 5 (12.5) 33 (16.4) (0.52–3.64)

Answered both tuberculosis knowledge
questions correctly

Yes 34 (85.0) 173 (86.1) 0.92
No 6 (15.0) 28 (13.9) (0.36–2.32)

Tuberculosis tested during past three
years

Yes 31 (81.6) 142 (76.0) 1.40
No 7 (18.4) 45 (24.0) (0.59–3.33)

Frequency of smoking episodes
>1 per day 39 (97.5) 190 (94.5) 2.26
≤1 per day 1 (2.5) 11 (4.5) (0.36–*)

Smoking duration, years
>27 27 (71.1) 75 (42.1) 3.37†,‡
≤27 11 (28.9) 103 (57.9) (1.59–7.13)

Ever shared smoking equipment
Yes 32 (88.9) 180 (93.8) 0.53
No 4 (11.1) 12 (6.2) (0.17–1.66)

Injection frequency
>1 per day 33 (82.5) 165 (82.1) 1.03
≤1 per day 7 (17.5) 36 (17.1) (0.42–2.45)
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TABLE 3. Continued

Did not test
Tested positive positive Unadjusted

(n = 40) (n = 201) odds ratio
Characteristic no. (%) no. (%) (95% CI)

Visited a shooting gallery during the
past year

Yes 23 (57.5) 104 (51.7) 1.26
No 17 (42.5) 97 (48.3) (0.64–2.48)

Visited a crack house during the past
year

Yes 8 (20.0) 53 (26.4) 0.70
No 32 (80.0) 148 (73.6) (0.31–1.59)

Duration of injection drug use, years
>21 23 (60.5) 84 (45.7) 1.83
≤21 15 (39.5) 100 (54.3) (0.90–3.69)

Problems getting food in past year due
to a lack of money

Yes 35 (87.5) 133 (66.2) 3.58†,‡
No 5 (12.5) 68 (33.8) (1.38–9.24)

HIV seropositive
Yes 2 (5.1) 39 (21.0) 0.20†
No 37 (94.9) 147 (79.0) (0–0.8)

Total number of NEP visits
>15 during the study period 19 (50.0) 98 (52.7) 0.90
≤15 during the study period 19 (50.0) 88 (47.3) (0.45–1.79)

Median number of syringes exchanged
>10 per NEP visit 16 (42.1) 80 (43.0) 0.96
≤10 per NEP visit 22 (57.9) 106 (57.0) (0.48–1.94)

CI, confidence interval.
*Unable to estimate an upper limit due to small cell size.
†Adjusted variable contributed to the overall fit of the final model.
‡Bonferroni adjusted P value <.05.

shelter during the past year, currently “living on the streets or in an abandoned

building,” or a combination of the two did not have a strong association with a

positive tuberculin test. This may be due to homogeneity within the population.

Conversely, “problems getting food during the past year due to a lack of money”

was strongly associated (OR = 3.56) with a positive tuberculin skin test in this pop-
ulation. This finding suggests that traditional risk factors for tuberculosis infection

among the general population may need to be redefined for IDUs in order to be

relevant in this population. The question of whether problems getting food due to

a lack of money would be associated with a positive tuberculin test in IDU or

homeless communities, outside the NEP environment, should be explored.

Although tuberculosis is transmitted through airborne droplet nuclei and not

through injection, injection drug use has been implicated as a risk factor for tuber-

culosis infection.20–28 We tested the hypothesis that those who injected at a higher
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frequency would have been exposed to such situations more often and that IDUs

who had injected for a longer period of time would likewise have had more oppor-

tunity to be in these higher risk environments. Neither increasing frequency nor

longer duration of drug use was associated with a positive tuberculin skin test in

this study. However, the probability of having a positive tuberculin skin test did

increase over 300% for individuals who smoked cigarettes, marijuana, and/or crack

longer than 27 years.

One possible explanation for the association between injection drug use and

tuberculosis found in previous studies may be a failure to control for smoking char-

acteristics. In addition, smoking cocaine has been associated with increased

cough,29–31 thus potentially increasing exposure of bacilli to groups of cocaine users.

If this was the case, smoking cocaine may have been the actual cause of tuberculosis

infection in some previously studied populations and not injecting cocaine. Of the

TB/NEP population, 70% reported smoking crack or noncrack cocaine, and a pre-

vious NEP study showed that cocaine was injected by 92% of the population.13

Another possible explanation for the association between injection drug use and

tuberculosis may involve the illegality of drug use, which forces IDUs to congregate

in confined clandestine areas to minimize detection. This, in combination with in-

creased coughing due to smoking cocaine, may contribute to the disproportionately

large number of reported cases that have been associated with injection drug use.

Finally, the possibility exists that injection drug use has acted as a surrogate for an

unmeasured portion of poverty. Further studies that employ more extensive drug

use questions may be beneficial to elucidate this issue.

HIV-positive serostatus was negatively associated with a positive tuberculin

test. The adjusted odds of testing tuberculin skin test positive were 80% lower for

HIV-seropositive individuals than for seronegative individuals. However, decreased

prevalence of tuberculin skin test reactivity has been reported in HIV-infected drug

users,22,32 as well as non-drug users32,33 and probably reflects HIV-associated anergy.

Overall, 12% of the NEP participants who made at least one NEP visit during

the study period were tested through this service. This seemingly low rate of utiliza-

tion was partly due to the facts that (1) not all participants were eligible for screen-

ing (i.e., they had already undergone prophylactic therapy, or they had been tested

within 6 months of requesting tuberculosis services); (2) the TB/NEP service was

only able to operate for 98 days in the 11-month study period; and (3) the service

had a limited capacity and could screen and interview no more than 4 participants

in a given 2-hour shift, 2 days per week, thus limiting the number of individuals

who could be accommodated. In addition, utilization may be partly explained by

previous aggressive tuberculosis outreach to IDUs by other research studies and by

the tuberculosis clinic of the Baltimore City Health Department. Even though the

current program had a limited service capacity and even though tuberculosis ser-

vices were widely available to IDUs, the TB/NEP service still had almost 700 con-

tacts and tested almost 300 IDUs who had not been tested 6 months prior to utiliz-

ing services and who were at higher risk for tuberculosis than the general

population. Furthermore, the indirect benefits of education and educational materi-

als were not considered in the current analyses. Recent studies have shown that

peer networks have substantial influence on the risk behavior of Baltimore IDUs.34,35

Those who were tested may have raised tuberculosis awareness or influenced their

social networks to be tested.

The main limitations in the current study were restricted opportunities for test-

ing and a short duration of program observation, both resulting in a small sample
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size. Significant associations with relatively small numbers could speak to the strength

of the associations found, but this sample may be just a fraction of the participants

who would have utilized services given a longer study period. It is unknown

whether the profile of TB/NEP participants would change if the program were al-

lowed to run for an extended period of time. It is possible that those most likely to

test tuberculin positive would utilize the service first or vice versa. Although there

were no time trends found in the current study to indicate this, the study was

limited to an 11-month period of observation. Selection bias should not be an im-

portant factor in this study because self-selection (i.e., utilized service) was one of

the outcome variables in these analyses, and all NEP participants were made aware

of the service through advertisement signs and through NEP staff. If tuberculosis

program awareness was not universal among NEP participants exchanging during

the study period, there would be no reason to suspect systematic differences in

program knowledge.

The strengths of the program included the facts that two NEP sites were repre-

sented (no differences by site were observed). Every individual interviewed was

included in the study. Participants were not actively recruited, but self-selected to

facilitate a more representative sample of those who would utilize services outside

a research environment.

Baltimore is not the only city to have reported associations between drug use

and tuberculosis. Similar relationships have been reported from multiple US cities

since the 1960s, and the 1990s saw a continuation of these relationships.6 However,

the clandestine nature of injection drug use makes the implementation and assess-

ment of IDU-targeted services difficult.36,37 Moreover, reports indicate that IDUs

avoid tuberculosis-specific care for fear of incarceration38 and are often uninformed,

which can ultimately lead to interference with tuberculosis control efforts.39 Needle-

exchange services bring IDUs to specific sites and have been shown to engage IDUs

in tuberculosis-specific services; thus, continuing to incorporate health care into

current program operations appears to be an option that could facilitate utilization

of health care by IDUs. This is particularly important for health concerns, like

tuberculosis, that disproportionately effect IDUs.

This study suggests that an NEP, originally designed as an HIV prevention

program, can facilitate use of additional health services. Moreover, the highest fre-

quency exchangers may benefit most through higher rates of follow-up with utilized

services. This study corroborates findings of earlier studies that NEPs appear to be

reasonable venues from which to offer other public health services in addition to

syringe exchange. The extent to which an NEP can attract into health services IDUs

who otherwise would not have received services should be explored further. Future

studies should address follow-up for therapy, as well as redundancy of community

services. Such studies may help to coordinate between NEP and community ser-

vices, perhaps partitioning specific types of care to make services cost-effective.

The facts that 691 contacts occurred between NEP participants and TB/NEP

staff during 98 days of operations and that high rates of follow-up found here and

in New York City’s Lower East Side are consistent with reports of programs offer-

ing general health care to New Haven, Connecticut, and San Francisco, California,

NEP participants. High rates of service utilization have led Altice et al.40,41 and Lum

et al.42 to deem these programs an effective means by which to engage drug users

into health care. Combined, these studies suggest that sites of NEP are appropriate

venues to offer health care and may increase health care access to IDUs using an

NEP.
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